Objective: The aim of current study was to explore longitudinally the prevalence, severity, potential factors, and predictors of depression among Chinese Han adolescent survivors with different genotypes of tumor necrosis factor receptor-II (TNF-RII) rs1061622 after the 2008 Wenchuan earthquake. Method: TNF-RII rs1061622 variants were examined by polymerase chain reaction-restriction fragment length polymorphism and verified by DNA sequencing. Depression symptoms were assessed by Beck Depression Inventory (BDI) among 439 high school students at 6, 12, and 18 months after the earthquake. Results: No significant differences were observed in depression prevalence and BDI scores between the TT homozygotes and the G allele carriers in both the male and female subjects. However, the female TT homozygotes had a higher depression prevalence than the male TT homozygotes at 6, 12, and 18 months, whereas the female G allele carriers had a higher depression prevalence than the male G allele carriers only at 6 and 12 months after the earthquake. Moreover, BDI scores declined in the male subjects with both genotypes and only in the female G allele carriers at 12 months when compared with those at 6 months. Furthermore, the predictors of depression severity or potential factors of depression prevalence were different between the G allele carriers and the TT homozygotes at different times after the earthquake. Conclusion: It is concluded that the association of TNF-RII rs1061622 with depression is longitudinally different in Chinese Han adolescents after the 2008 Wenchuan earthquake. The T allele may be associated with reduced recovery of depression in female adolescents in the earlier stage of depression rehabilitation.
Introduction
Depression is one of the most common psychiatric disorders in adolescents all over the world [1, 2] , which appears after experiencing severe traumatic situations, such as earthquakes, violence, and other man-made or natural disasters. Depression affects the personal lives of the patients and results negatively in disruptions in community and society. Understanding the underlying mechanisms is essential for effective prediction and prevention of depression [3] [4] [5] . Previous studies indicated that natural disasters had a significant influence on the percentage of adolescents experiencing depression [6] , which included earthquakes [7] [8] [9] . These differences in depression prevalence after earthquakes across the surveys might be due to the degree of damages, the timing of psychiatric assessments, study populations, and other factors. However, genetic backgrounds have not been included in the available literature, although genetic predisposition is very important for the prevalence of depression [10, 11] .
The pathogenesis of depression has not been clarified yet. Studies have shown reduced hippocampus volume in patients with major depressive disorder (MDD) [12, 13] , which can be caused by inflammation. Tumor necrosis factor α (TNF-α), a pleiotropic cytokine, regulates many cellular processes including inflammation. It functions through binding and activating of tumor necrosis factor receptor I (TNF-RI) and TNF-RII [14] . In fact, it has been documented that TNF-RII is related with depression [15] . Increased mRNA levels of TNF-α and TNF-RII in lymphocytes were found for depression patients [16] , and increased levels of serum TNF-RII in heart failure and depression patients [17] . However, no significant correlation was found in the levels of TNF-α among depressed female patients [18] . Moreover, after the adjustment for anti-inflammatory drugs and other covariates, no significant association was found between TNF-RII and depression [19] . Due to the inconsistencies of previous results, extensive research needs to be conducted to confirm the inter-relationships between TNF-RII and depression.
The TNF-RII gene (TNF-RII, CD120b and TNF-R P75/80) is located on chromosome 1p36.2 and comprises 10 exons and 9 introns. Based on published sequences, biallelic polymorphisms have been detected in exons 4, 6, 9, and 10 of TNF-RII [20] . Among them, rs1061622 (T676G) at exon 6 is one of the most widely-studied polymorphisms. The TNF-RII rs1061622 mutation is the substitution from T to G at 676 nucleotide, leading to an amino acid variation in the fourth extracellular cysteine-rich domain (CRD4) from methionine to arginine at position 196 in the protein sequence [20] . Previous studies have demonstrated that TNF-RII rs1061622 is associated with psychological or psychiatric disorders. Hohjoh et al. [21] observed that the frequency of TNF-RII rs1061622 G allele was considerably higher in narcoleptic patients compared with control subjects. Moreover, the frequencies of GG genotype or G allele of TNF-RII rs1061622 were higher in patients with paranoid schizophrenia in comparison with healthy controls [22] . However, no studies have been conducted on the linkages between this polymorphism and depression.
An extensive literature survey identified variations in depression prevalence after earthquakes and changes in pathophysiological mechanisms of depression. We hypothesized that TNF-RII rs1061622 might interact with other predictors or potential factors to influence depression differently at different times in the course after stress. To test our hypothesis, depression was examined in high school students with different genotypes of TNF-RII rs1061622 at 6, 12, and 18 months after the 2008 Wenchuan earthquake (magnitude 8.0 on Richter scale) in China. To our best knowledge, the present work is the first attempt to explore the longitudinal relationship between TNF-RII rs1061622 and depression.
Subjects and Methods

Study Population
Study population was selected from a public boarding high school 10 km away from the epicenter and seriously affected by the earthquake in 2008. The teaching halls and student dormitories were heavily damaged. They stayed in shelters for about 15 months after the earthquake until new dormitories and teaching halls were reconstructed. Inclusion criteria for the survey were understanding the procedures involved, providing written consent from the participants and their guardians, providing blood samples, and finishing all the questionnaires during follow-ups. The exclusion criteria included: (1) students with cardiovascular, renal, and endocrinological diseases and diabetes, (2) students who took lipid-lowering drugs or hormones, consumed alcohol and smoked, (3) the students who did not finish all the questionnaires during follow-up after the earthquake, (4) the students who gave more than one answer for any single answer questions in the questionnaires, (5) no answers were chosen for any question. A total of 746 Chinese Han students of grade 11 were selected for the study as there was enough time for the follow-up before their graduation. Amongst the participants, 439 students were finally included in the study. Prior to the beginning of the survey, written consent was obtained from the participants and their guardians. Moreover, the Ethics Committee of Sichuan University gave approval for the study.
Measurements
The measurements were carried out at 6, 12, and 18 months after the earthquake, and were comprised of two sections [23] . The first section included the collection of demographic characters, evaluation of individual traumatic characteristics and family back ground. The demographic features were assessed through questionnaires which included gender, age, number of family members, one-child, school accommodation and education of the parents. The education of parents was classified as postgraduate, undergraduate, high school, secondary school, and illiterate. Self-reported scales were used to assess the trauma characteristics such as the number of family individuals' deaths or injuries, the degree of property and home damages. The degree of damages to property and home was categorized as severe, moderate, minimal damage, and no loss. Personal and family history was comprised of individual and family psychiatric background and previous trauma experience.
The second section included the Beck Depression Inventory (BDI), for the examination of depression severity [24] . Previously published guidelines for the application of the instrument were followed accordingly [25] . The Chinese version of the BDI has been applied due to its reliability, convergent validity and accurate results [26] . It is comprised of 21 questions and the score of each question is between 0 and 3. The total scores range from 0 to 63 [27] . The cut-off score of 14 was used to categorize whether subjects had depressive symptoms or not [27] . The value of Cronbach's α coefficient ranged from 0.811 to 0.912 in the current study [23] .
Extraction of DNA and Genotype Analysis
Genomic DNA was isolated from blood peripheral leucocytes through a commercial DNA extraction kit (Tiandz, china) at 18 months after the earthquake and stored at −80 • C for further uses. The polymorphism of TNF-RII rs1061622 was determined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) in 2017. Results of genotyping were confirmed by DNA sequencing. A 242 base pair fragment including TNF-RII rs1061622 was amplified by the following primers [28] : forward, 5 -ACT CTC CTA TCC TGC CTG CT-3 ; and reverse, 5 -TTC TGG AGT TGG CTGCGT GT-3 . An amount of 2 µL of PCR products were consequently digested with 1 µL Nla III restriction enzymes overnight. Digested products were separated through 3% agrose gel electrophoresis. Wild type homozygotes (TT) were shown as two bands (133bp and 109bp), heterozygotes (GT) as three bands (242 bp, 133 bp and 109 bp), and mutant homozygotes (GG) as a single band (242 bp) [29] .
Statistical Analysis
We used chi-squared goodness-of-fit to assess the genotype distribution with Hardy-Weinberg equilibrium. Chi-square tests were used to analyze genotype distributions and depression prevalence between genders, the subjects at different time durations, and the subjects with different genotypes of TNF-RII rs1061622. BDI scores of the subjects with different genders, the subjects at different times after the earthquake, or the subjects with different genotypes of TNF-RII rs1061622 were analyzed using Friedman M and Kruskal Wallis tests. Independent predictors of depression severity were identified using stepwise multiple linear regression analysis. Impacts of independent variables on depression prevalence were assessed using binary logistic analysis. p ≤ 0.05 was defined as statistically significant. Table 1 presents the genotypic and allelic frequencies of TNF-RII rs1061622 in the population. Genotypic distribution of TNF-RII rs1061622 did not show any deviation (χ 2 = 0.686, p = 0.710) according to Hardy-Weinberg Equilibrium. Genotypic frequencies of TNF-RII rs1061622 were not significantly different between both genders in the study population (p = 0.704). Table 1 . Allele and genotype frequencies of tumor necrosis factor receptor-II (TNF-RII) rs1061622 in the study population.
Results
Frequencies of the Genotypes and Alleles of TNF-RII rs1061622
Total (n = 439)
Males (n = 197) Females (n = 242) 
Prevalence of Depression for the Subjects with Different Genotypes of TNF-RII rs1061622 at 6, 12, and 18 Months after the Earthquake
Due to the insufficient number, the GG homozygotes of TNF-RII rs1061622 were taken together with the GT heterozygotes and were labeled as the G allele carriers for further analyses. Prevalence of depression for the subjects with different genotypes of TNF-RII rs1061622 is shown in Table 2 . There were no notable differences of depression prevalence between the TT homozygotes and the G allele carriers at 6, 12, and 18 months in the students, irrespective of gender. There were no significant changes in depression prevalence during the follow-up in both genders regardless of the genotypes. However, the depression prevalence decreased significantly at 18 months compared with 6 months in the TT homozygotes in the whole study population (p = 0.010). When analyzed between different genders, the females had a higher prevalence than the males, irrespective of the genotypes at 6 (TT homozygotes: p = 0.001; G allele carries: p = 0.033) and at 12 months (TT homozygotes: p = 0.001; G allele carries: p = 0.049). However, a higher prevalence was found in the females than the males in the TT homozygotes (p = 0.014), but not in the G allele carries at 18 months after the earthquake. Data are expressed as n (%), ** p < 0.01 when compared with that of the TT homozygotes at 6 months after the earthquake (Chi-square tests), # p ≤ 0.05, and ### p < 0.001 when compared with that of the males in the same genotype at the same time after the earthquake (Chi-square tests).
BDI Scores of the Subjects with Different
Genotypes of TNF-RII rs1061622 at 6, 12, and 18 Months after the Earthquake BDI scores of the subjects with different genotypes are shown in Table 3 . There were no significant differences between the TT homozygotes and the G allele carriers at 6, 12, and 18 months in the whole study population. However, in the whole study population the BDI scores decreased significantly at 12 (TT homozygotes: p = 0.004; G allele carriers: p = 0.001) and at 18 months (TT homozygotes: p < 0.001; G allele carriers: p < 0.001) when compared with 6 months. The scores also declined at 18 months (TT homozygotes: p < 0.001; G allele carriers: p = 0.002) when compared with 12 months after the earthquake.
When gender was taken into consideration, BDI scores were significantly lower at 12 months when compared with 6 months in the males with both genotypes (TT homozygotes: p = 0.020; G allele carriers: p = 0.004), and in the female G allele carriers (p = 0.047), but not in female TT homozygotes. In contrast, scores decreased at 18 months when compared with 12 months (TT homozygotes: p = 0.018; G allele carriers: p = 0.011) and 6 months (TT homozygotes: p < 0.001; G allele carriers: p < 0.001) in the male students irrespective of the genotypes. In female students, BDI scores significantly decreased at 18 months in both genotypes when compared with 6 months (TT homozygotes: p < 0.001; G allele carriers: p = 0.001) and 12 months (TT homozygotes: p < 0.001; G allele carriers: p = 0.045) after the earthquake.
In addition, the female subjects had higher BDI scores than the males at 6 months (TT homozygotes: p < 0.001; G allele carriers: p = 0.032), at 12 months (TT homozygotes: p < 0.001; G allele carriers: p = 0.018), and at 18 months (TT homozygotes: p < 0.001; G allele carriers: p = 0.010) after the earthquake regardless of the genotypes.
Potential Factors Associated with Depression Prevalence in the Subjects with Different Genotypes of TNF-RII rs1061622 at 6, 12, and 18 Months after the Earthquake
The predictive factors of depression prevalence in different genotypes of TNF-RII rs1061622 are shown in Table 4 . In the TT homozygotes, gender (p < 0.001), age (p = 0.012), and direct exposure to a family member's death, injury or home damage (p = 0.038) were the predictive factors of depression prevalence at 6 months. At 12 months, gender (p < 0.001), age (p = 0.041) and previous trauma experience (p = 0.040) were the predictive factors of depression prevalence. Gender (p = 0.005) and age (p = 0.019) were also the predictors at 18 months.
In the G allele carriers, gender (6 months: p = 0.006; 12 months: p = 0.010) and self-injury (6 months: p = 0.030; 12 months: p = 0.030), were the predictors of depression prevalence at 6 and 12 months, respectively. At 18 months, gender (p = 0.049) and age (p = 0.033) were the significant potential factors of depression prevalence.
Predictors of BDI Scores in the Subjects with Different Genotypes of TNF-RII rs1061622 at 6, 12, and 18 Months after the Earthquake
Stepwise multivariate linear regression analyses for predictors of depression severity in the subjects with different genotypes of TNF-RII rs1061622 at 6, 12, and 18 months are shown in Table 5 . In the TT homozygotes, gender, previous trauma experience, extent of home damage, direct exposure to a family member's death or injury or home damage, and age accounted for 8.2%, 2.9%, 2.1%, 2.0%, and 1.6%, respectively, of the variance of depression severity at 6 months. At 12 and 18 months, gender, age, and previous trauma experience were also the predictors of depression severity, which accounted for 7.9%, 3.9%, and 2.2% (12 months), and 4.7%, 2.9%, and 1.9% (18 months) of the variance, respectively.
In the G allele carriers, gender; self-injury; direct exposure to a family member's injury, death, or home damage; and family individual injury were predictors of depression severity, which accounted for 7.2%, 5.6%, 3.0%, and 2.9% of variance, respectively, at 6 months. At 12 and 18 months, self-injury and gender were also predictors of depression severity and accounted for 10.1% and 8.0% (12 months), and 6.0% and 5.9% (18 months) of variance, respectively. 0.00 ** 0.30 *** 0.00 ** 0.20 *** 0.00 ** 0.02 * Note. OR, odds ratio; CI, confidence interval; Direct exposures, direct exposures to family member's injury or death or home damage; -, no significant result was found; a , 0 = male, 1 = female; b , included in model as continuous variable; c , 0 = no, 1 = yes; * p ≤ 0.05, ** p < 0.01, and *** p < 0.001. β a Standardized regression coefficient; Direct exposures, direct exposures to family member's injury or death or home damage; -, no significant result was found. * p ≤ 0.05, ** p < 0.01, and *** p < 0.001.
Discussion
The developing mechanism of depression has not been completely understood yet. Pro-inflammatory cytokines were found in both peripheral and central regions and acted to trigger sickness behaviors [30, 31] , including decreased social behavior, feeding, and locomotor activity, which were linked to symptoms of major depressive disorder [30] . Therefore, it is critical to note the relationship of pro-inflammatory cytokines and their receptors with depression. TNF-RII is the receptor of TNF-α, a pro-inflammatory cytokine [32] . Simen et al. [33] reported that TNF-α could induce depression-like symptoms even in the absence of malaise and demonstrated that TNF-RII might be involved in this response. Previous studies also demonstrated that higher levels of plasma TNF-RII were found in the female patients with MDD compared with healthy controls. Similarly, TNF-RII levels were also higher in bipolar depression individuals as compared with the healthy subjects [18, 34] . Furthermore, higher mRNA levels of TNF-α and TNF-RII were found in the lymphocytes of depressive patients when compared with control subjects [16] . A meta-analysis showed that depressive patients had higher levels of TNF-α compared with controls [35] . These studies suggest that depression may be at least partly related to TNF-RII.
Although the logistic regression model confirmed the increased risk of paranoid schizophrenia with the inheritance of the G allele of TNF-RII rs1061622 [22] , the association of this polymorphism with depression has not been explored yet. Therefore, the present work was performed, for the first time to the best of our knowledge, to analyze the prevalence and severity of depression, and their potential factors and predictors in the subjects with different genotypes of TNF-RII rs1061622 among adolescent survivors longitudinally at 6, 12, and 18 months after the Wenchuan earthquake. The present results showed non-significant differences in depression prevalence (Table 2 ) and BDI scores (Table 3) between the TT homozygotes and the G allele carriers in the male or female students at 6, 12, and 18 months after the earthquake. The female subjects had higher BDI scores than the males at 6, 12, and 18 months after the earthquake regardless of the genotypes (Table 3) . However, the female students had a higher prevalence of depression than the male students only in the TT homozygotes, but not in the G allele carries at 18 months (Table 2) . BDI scores were observed to be decreased in the male students with both genotypes and the female G allele carriers at 12 months in comparison with those at 6 months (Table 3 ). In addition, the potential factors of depression prevalence or predictors of depression severity were different between G allele carriers and TT homozygotes at different times after the earthquake (Tables 4 and 5 ). Gender, previous trauma experience, degree of home damage, direct exposure to a family member's death, injury or home damage, and age were the predictors of BDI scores in the TT homozygotes at 6 months. The predictors of depression severity at 6 months in the G allele carriers were gender, self-injury, direct exposure to a family member's death, injury or home damage, and family individual injury. Other differences of potential factors or predictors were also observed between the TT homozygotes and the G allele carriers at 12 and 18 months after the earthquake (Tables 4 and 5 ). These results suggest that there may be different interplays among gender, TNF-RII rs1061622, and other predictors or potential factors at different times after the stress induced by the earthquake to affect depression, although the effects may be minor.
The TNF-RII rs1061622 has showed no effect on TNF binding kinetics with TNF-RII. However, the increased frequency of G allele of TNF-RII rs1061622 transduced the signals of TNF-α more effectively than the T allele, without affecting the binding affinity of TNF-α to TNF-RII [36] . The mutation of TNF-RII rs1061622 resulted in a significantly lower capability to induce TNF-RII-mediated NF-κB activation and the expression of NF-κB dependent target genes conveying anti-apoptotic or pro-inflammatory functions [37] . Interface amongst TNFR-II and glutamate induces extended activation of phosphatidylinositol-3-kinase-dependent NF-κB activation that improves neuronal survival and modulates sensitivity to excitotoxic stress, including that which happens in TBI (traumatic brain injury) and contributes to motor and cognitive dysfunction [38] . The polymorphism of TNFR-II was also found to be associated with the susceptibility to inflammatory diseases, and psychological disorders [21, 22, 39] . Therefore, the effects of interplays observed in the present study may be associated with the capability changes of mutant TNF-RII to induce TNF-RII-mediated NF-κB activation and the expression of NF-κB dependent target genes. This association needs to be confirmed in future studies.
These results in the present study demonstrate that TNF-RII rs1061622 may interact with other predictors and potential factors to affect the prevalence and severity of depression differently at different time durations after the earthquake. This can be one of the explanations for the drastic variations in depression prevalence after earthquakes.
Conclusions
Significant decreases in BDI scores were observed in both genotypes of males and only the G allele carriers of females at 12 months when compared with those at 6 months after the earthquake. This result suggests delayed rehabilitation from depression in Chinese female adolescents carrying the T allele of TNF-RII rs1061622 in the earlier stage of the follow-up after the Wenchuan earthquake. Furthermore, different patterns of predictors or potential factors were demonstrated between the G allele carriers and the TT homozygotes of TNF-RII rs1061622 at different times after the earthquake. TNF-RII rs1061622 may interplay with other predictors and potential factors to affect depression after stress induced by the earthquake in a gender-and time-dependent manner. These results provide novel insights into the mechanism of depression in terms of TNF-RII and its interplays with other predictors and potential factors.
Limitations
The present study had some limitations. First, the levels of TNF-RII in serum were not measured. Second, the effects of body mass index, sex hormones, and menstruation were not tested. Third, the exclusion of students who had consumed alcohol or smoked might have impacts on the results since there might be a link between these addictions and depression. 
Conflicts of Interest:
The authors declare no conflicts of interest.
Abbreviations
BDI
Beck depression inventory; CRD4
Fourth extracellular cysteine-rich domain; MDD Major depressive disorder; PCR-RFLP Polymerase chain reaction-restriction fragment length polymorphism; TNF-α Tumor necrosis factor-α; TNF-RI Tumor necrosis factor-α receptor; TNF-RII Tumor necrosis factor receptor-II.
